To understand better the factors that contribute to diagnostic errors in urogenital pathology units, as part of our ongoing research into urogenital cancers, from a consecutive series of 6304 histologic reports for the years 2003 to 2006 we selected for review those containing more than one evident error. We reviewed 1746 urogenital histopathologic diagnoses, 1459 (83.56%) referred to biopsies and 287 (16.43%) to surgical specimens. Of the 1746 reports reviewed, 1643 diagnoses (94.10%) were in agreement and 103 (5.89%) in disagreement with the reviewer's rating. Among these 103 diagnoses, 77 (70.75%) had justifiable and 27 (26.21%) unjustifiable discordances. Of these 27 discordances, 23 were unjustifiable discordances containing errors with consequences that affected patient management. The poor diagnostic efficiency found in a single anatomopathological unit raises concern and suggests considerable room for improvement. Efficiency could be substantially improved if pathological services strictly applied the existing international measures for quality control.
INTRODUCTION
Medical errors are found at all levels of patient care: 47.7% are surgical and 52.3% non surgical (Gallagher NEM 2007 [1] (Graber JQPS 2005) [2] . About 5-10% of medical errors are detected during autopsy. In many patients the immediate cause of death is an underdiagnosed [3] . The estimated discordance between clinical and autopsy diagnoses of malignant neoplasms reaches 44% (Burton JAMA 1998) [3] . The diagnosis of many diseases is based almost exclusively on histologic or cytologic evaluation (Raab Cancer 2005) [4] . The choice of treatment often depends largely on the histopathologic assessment of tissues. Even if no studies have definitively assessed the effect of diagnostic cancer errors on patient outcome a delayed, omitted, wrong or incomplete histo-cytologic report may lead to incorrect patient management plans and delays in treatment or implementation of incorrect treatment regimens. A delayed histocytologic report can cause a patient physical as well as psychological stress (Raab Cancer 2005) [4] (Raab CLM 2004) [5] (Clary AJCP 2002) [6] . Numerous studies have documented a lack of consensus amongst pathologists for a range of specimen types (Raab APLM 2005) [7] . The same pathologist can also examine the same specimen on various occasions but produce different reports (Raab APLM 2005) [7] .
The frequency of anatomic pathology errors ranges from 1-43% (Raab APLM 2005) [7] . The effect of these errors is unknown mainly owing to the lack of uniform measurement processes and pathologists' fear that their errors could have medico-legal implications, thus causing their suspension, and ultimately destroying their professional reputation and private life (Lesna JCP 1998) [8] . In the diagnosis of cancer *Address correspondence to this author at the Department of Experimental Medicine (Section of Pathologic Anatomy), University "La Sapienza", Policlinico Umberto I, 324 Viale Regina Elena, 00161 Rome, Italy; Tel: 0039.06.49972417; Fax: 0039.06.4454820; E-mail: mariarosaria.cardillo@uniroma1.it or maria.rosaria.cardil@alice.it these errors reach about 11.8% (Raab Cancer 2005) [4] (Raab CLM 2004) [5] (Raab APLM 2005) [7] (Nodit AJCP 2005) [9] (Grzybicki AJCP 2005) [10] . In various countries, health care organizations are developing standard programs and laws designed to reduce error and improve patient safety. Many have also implemented an educational campaign that encourages hospitals to integrate their risk management, patient safety, and quality programs (Nodit AJCP 2005) [ [20] . The processes by which these standards are monitored differ according to the geographical and political contexts.
To maintain standards of medical care, in Italy, the Health Ministry introduced the UNI EN ISO 9001-2000 System Quality Certificate, an award given to health care structures that meet the required quality criteria (Marucci Pathologica 1999) [21] . According to the concept of clinical governance every operative unit (OU) in a hospital should institute a service of risk management that collects the "incident reporting" and integrates their clinical risk-management, patientsafety and quality programs (continuing accredited professional education, randomly organized quality improvement reviews, standardized assessment, and licensure on entry to practice) (Klass NEJM 2007) [22] .
A program of quality control (QC) and assurance is essential to reduce diagnostic errors. In pathologic anatomy, similarly to other fields of medicine, errors probably arise from multiple factors (Reason BMJ 2000) [23] (Reason QHC 2001) [24] (Gallagher NEJM 2007) [25] . Institutes of pathologic anatomy use several methods to detect errors (Raab Cancer 2005) [4] ; (Nodit AJCP 2005) [9] (Grzybicki AJCP 2005) [10] (Ramsay Histopathology 1999) [26] . The most commonly used is the secondary review, in which a second pathologist reviews slides previously examined by the first [5] . Even though many institutes admitted recogniz-ing the sources of these errors the percentage of errors remained constant in the ensuing years, mainly because only few hospitals currently apply the regulations even though physicians generally endorsed the importance of disclosing harmful errors to patients and institutions (Klass NEJM 2007) [22] [28] .
In Italy, only few institutions have implemented QC in pathologic anatomy services (Marucci Pathologica 1999) [21] . Before implementing QC and audit, hospitals need precise information on the incidence of diagnostic errors or discrepancies or both accruing in their pathologic anatomy services.
As part of our ongoing research project investigating the pathogenetic mechanisms underlying urogenital cancers (Gandini CR 2003) [ [32] , in this study we sought to understand possible factors contributing to anatomic pathology errors in one of the five pathologic anatomy services belonging to an Italian university hospital, and to investigate the clinical impact of anatomic pathology errors on patient care, therapy and outcome. To do so, from a consecutive series of 6304 urogenital histologic reports for the department for the years 2003 to 2006 we selected for review those containing potential errors and diagnostic discrepancies and calculated the percentage of diagnostic errors. To have a more complete idea of the specific problems inherent to a service of urogenital pathology, we focussed our review on the urogenital system. [37] . Of the 1746 urogenital histologic reports selected for review 1459 (83.56%) referred to urogenital biopsies and 287 (16.32%) to urogenital surgical specimens. The 1746 urogenital pathology reports reviewed referred to the following anatomic sites: 1152 to prostate, 550 to bladder, 52 to kidney, 62 to testis, and 24 to penis and 1 to the adrenal gland. To identify the type of diagnostic error, and the diagnostic step involved we evaluated the following variables: the mean time of final report from tissue reception to report transcription (in days); incorrect identification of patients or incomplete clinical history; adequacy of sample size; secretarial typing errors; technical problems (sample fixation, cutting and staining) and the final diagnostic report (signed by the primary pathologist or by both primary and consultant pathologists) given to the patient's physician. We then calculated the percentage of diagnostic errors. In accordance with previous Italian studies (Marucci Pathologica 1999) [21] we grouped differences of opinion between observers into two categories: justifiable discordances (for example inappropriate assigning of a score, grade or stage to a disease), and unjustifiable discordances (a true diagnostic error, for example, a benign rather than a malignant lesion). To investigate the clinical impact of anatomic pathology errors on patient management, diagnostic errors were divided into two subclasses: with and without consequences for the patient's outcome (different therapeutic approaches, for example hormone, surgical or chemiotherapy or radiotherapy) (Marucci Pathologica 1999) [21] . The diagnostic categories collected were evaluated for each year and for the various tissues and organs.
MATERIAL AND METHODS

From
RESULTS
The main problems, detected in the 1746 final histologic reports reviewed were incomplete or inaccurate clinical information, inadequate tissue sampling, lengthy time needed for processing specimens, reading and interpreting slides, and producing and transcribing reports ( Table 1) . In particular, of these 1746 histologic reports, 103 (5.89%) contained diagnostic discordances: 77 (74.75%) were justifiable and 27 (26.21%) unjustifiable. Of the reports containing unjustifiable discordances, 23 contained errors with consequences that had affected patient management and 4 showed errors without consequences for the patients ( Table 2) . These 23 questionable reports that might have had consequences for the patients were reviewed by an external pathologist with acknowledged expertise in urogenital pathology. In all 23 cases the reviewer's and external pathologist's diagnoses were in agreement. Analyzing the diagnostic categories related to organs and year, we found that the percentage of discordance in the reports from the prostate and the bladder samples was higher for the year 2005 than for the years 2004 or 2003: 8.23% vs 2.78% vs 2.48% for prostate and 34.61% vs 7.32% vs 6.97% for bladder ( Table 3) .
Diagnostic discordance differed in surgical and biopsy specimens and differed according to anatomic sites. In the 287 surgical specimens, differences of opinion were greater in the prostate and kidney than in the bladder and testis (9.86% and 17.64% vs 5.26%). Unjustifiable discordances for the surgical specimens reached 28.57%. Among these, 4 reports referring to nephrectomy and renal tumorectomy all led to unjustifiable discordance with consequences for patients ( Table 4 ). In the 1459 biopsy specimens, the percentage of differences in opinion was higher in the bladder than in the prostate (10.34% vs 2.60%) with unjustifiable discordances in 28.00% of histological reports. Discordance with consequences for the patient was higher in prostatic and bladder biopsy or transurethral prostatic resection (TURP)/ transurethral bladder resection (TURB) than in ureter, testis and penis biopsies ( Table 5) .
Between the 103 diagnostic discordances, considerable disagreement between the two observers was found on assessing the histotype of the histologic diagnosis (39 reports, 37.86%). They disagreed on tumor (TNM) staging (22 re-ports, 21.35%), depth of invasion and histologic grade (10 reports, 9.70%), and the macroscopic and microscopic description of the lesion (2 reports, 1.94%) ( Table 6 ). 
DISCUSSION
In this retrospective review of 1746 selected urogenital histologic reports from a single academic service of pathologic anatomy, we found a 5.89% frequency of diagnostic errors. This finding agrees with previous reports describing a frequency of anatomic pathologic errors ranging from 1-43% for all specimens and in cancer diagnosis from 1.79-9.42% and from 4.87-11.8%, depending on the institution (Raab Cancer 2005) [4] .
Previous retrospective studies of error rates have produced widely varying results. Whereas one large study found no "serious" errors (Cree PRP 1993) [38] others have suggested that 0.26% (Safrin AJSP 1993) [39] or even up to 1.2% (Lind AJCP 1995) [40] of histopathological reports are likely to contain a clinically significant error. Another clinical-pathological series showed an altered diagnosis in 9% of cases, resulting in major management changes in 3.8% (McBroom AJSP 1993) [41] . These discrepancies could arise partly from the variability in pathologists' skills, experience and results, and also from the high inter-institutional variability in assigning the cause of error, diagnostic differences related to the various organ systems investigated, and the lack of uniform measurement processes (Silver JtCJQI 2000) [19] . Hence we agree with others that to define the percentage of diagnostic errors in a single pathologic anatomy service reliably we need first to standardize methods for assessing errors (Furness JCP 1997) [42] .
To investigate the clinical impact of anatomic pathology errors on patient care, therapy and outcome, in accordance with previous Italian studies (Marucci Pathologica 1999) An unexpected finding in our study was the high discordance in surgical specimens (28 of 287 specimens 9.75%). Of these, 6 (27.27%) were unjustifiable discrepancies and all 6 (4 referring to nephrectomy and renal tumorectomy and 2 to orchiectomy) had consequences for the patients ( Table 4) . The altogether unacceptable frequency of unjustifiable discordance we found in the surgical specimens would probably be avoided if pathology units strictly followed the diagnostic criteria stated in the current guidelines (Eble IARC 2004) [34] (Murphy AFIP 2004) [35] (Fuhrmann AJSP 1982) [36] (Bostwick USP 1997) [37] . In urogenital biopsies the high incidence of discordance with consequences for patients with prostatic and bladder cancer (76.92% and 87.50%) are in line with previous reports in specific areas of surgical pathology such as skin, lymphoreticular and gastrointestinal systems, prostate and bladder biopsies, describing a "failure to diagnose" category (oversight errors) in 87% of the medicolegal claims (Raab APLM 2005) [7] (Lesna JCP 1998) [8] (Ramsay Histopathology 1999) [26] (Furness JCP 1997) [42] . The highest incidence of diagnostic discordances in our study was related to tumor histotype (37.86%) and TNM staging (21.35%).
When we reviewed prostate specimens obtained through fine needle biopsy, we noted especial difficulties in interpreting minute foci of atypical acini (atypical hyperplasia (AHP) vs atypical small acinar proliferation (ASAP) vs welldifferentiated prostate adenocarcinoma (PCA) (Montironi EU 2006) [43] , and of atypia in neoplastic prostate glands after hormonal or radiotherapy (Sung HP 2007) [44] . The main causes of discordance in the prostate specimens obtained through TURP were problems in assessing the histological grade of intraepithelial prostatic neoplasia (PIN) (low-grade vs high-grade PIN; high-grade PIN vs microinvasive PCA), and in assessing the Gleason score histologic grading (Montironi NCPU 2007) [45] (Montironi JCP 2007) [46] . The diagnosis of low-grade PIN should not be reported at all (Bostwick USP 1997) [37] , whereas a diagnosis of high-grade PIN suggests that the patient should undergo regular follow-up to detect the possible development of prostate cancer (Bostwick USP 1997) [37] . In the specimens obtained from radical prostatectomies, we found considerable disagreement in assessing the pathologic stage (TNM). For example, the discordance in tumor staging often depended on diagnostic issues. If the tumor involved one or both prostate lobes, extended beyond the prostate or invaded the seminal vesicles these histological findings were sometimes missed ( Table 6 ). In specimens obtained from prostatic biopsies, the most frequent cause of errors in our series was the scarce use or wrong interpretation or both (sometimes owing to technical problems) of prostatic-specific immune markers (34betaE12, p63, racemase).
In the bladder biopsies our review detected a variable number of errors. Most errors arose from interpreting and defining the histotype (for example, neoplasia with low malignant potential vs low-grade malignant carcinoma; lowgrade vs high-grade urothelial carcinoma; urothelial hyperplasia vs dysplasia vs in situ carcinoma); and from grading or evaluating the depth of tumor invasion (Murphy AFIP 2004) [35] . In radical cystectomies, the disagreement concerned the pathologic stage (TNM). Many bladder tumors were over-or under staged. Diagnostic errors arose mainly from a lack of clinical information, and a failure to include previous pathology reports and radiographic studies. The diagnostic discordances in interpreting and defining the histotype and grade of urothelial carcinoma often reflected a reluctance to use the newer classification systems; whereas the discordance in tumor stage arose from a poor knowledge of the staging guidelines, inability to identify muscularis propria invasion and the scarce use of the immune markers cytokeratin 7 and 20 [46] .
In the reports regarding tissue from renal nephrectomies or tumorectomies, the potential pitfalls our review underlined were the diagnosis of benign or malignant tumour (adenoma vs clear-cell carcinoma vs oncocytoma) or the differential diagnosis of several histological subtypes of renal cell carcinoma (papillary renal cell type I vs type II; clear cell vs chromophil; chromophil vs chromophobe renal cell, spindle cell vs collecting duct carcinoma). Previous studies showed that adding fluorescence in situ hybridization (FISH) analysis to histopathology might improve the accuracy of kidney tumor diagnoses (Iqbal ASM 1999) [50] , by detecting chromosome abnormalities which are specific for various renal cell carcinoma subtypes and by providing important prognostic information that can guide management decisions. These findings again underline the need for continual professional training to encourage the use of advanced immunohistochemical and molecular techniques thus improving diagnostic accuracy.
In the testicular biopsies done for sterility, our review showed that many final reports were incomplete or inaccurate. In tumor neoplasias, the major factors that limited the morphological diagnosis and assessment of the pathologic stage were the lack of clinical information at the correct time (patient's history, previous plasma tumoral markers and radiographic studies) and the failure to include in the final report essential histologic information such as vascular invasion, and margin infiltration (Delaney Histopathology 2005) [50] .
Because many records lacked information on follow-up we could have underestimated the percentage of reports containing unjustified errors with consequences for the patient. For the same reason, our study leaves unanswered the question of how these anatomic pathology errors, especially those for cancer, affected our patients' care, clinical outcome, survival and quality of life. Previous studies have underlined that a false-positive prostate biopsy, for example, might cause a wrongful prostate surgical resection or prostatectomy (Lessells 172 nd Meeting PSGBI 1996) [51] (Leong Pathology 2006) [52] (Piotrowski JCJQPS 2005) [53] . Conversely, a false negative report, for example a diagnosis of renal adenoma instead of renal cell carcinoma or benign prostatic hyperplasia instead of prostatic carcinoma, could delay therapy (Raab Cancer 2005) [4] . In bladder tumors, for example, the therapy in superficial urothelial (TA/T1) carcinoma differs from deep (T2/T3) carcinomas; and in low-grade (G1) tumors differs from high-grade (G2/G3) malignancy (Kirkali Urology 2005) [54] .
In seeking to understand better the factors that contribute to errors and error-reduction strategies another question is the stage of the diagnostic procedure most prone to errors (Nakhleh APLM 2006) [55] . Our study showed that major problems arose in all phases of the diagnostic procedure. In the preanalytic phase when specimens are obtained from the patient and transported to the pathology section, our review disclosed incomplete or inaccurate clinical information, and inadequate tissue sampling. In the analytic phase, starting with the arrival of specimens at the pathology station and terminating with the release of the pathology report, undue time was needed for processing specimens, and reading and interpreting slides. In the postanalytic phase, involving the receipt and follow-up of the pathology report by the ordering clinician, errors arose and the final reports took unduly long to produce and transcribe. Recognizing the major diagnostic pitfalls in urogenital pathology may help to improve safety by reducing the high rate of errors in a specific type of specimens, by applying protocols to control the sequence of events throughout the diagnostic procedure, and especially by developing error-reduction strategies by audit in histopathology (Raab CLM 2004) [5] , (Marucci Pathologica 1999) [21] , (ADASP AJSP 1991) [27] [56] . This systematic procedure often compels academic institutions to change their frame of mind thus becoming open to changes that will effectively improve the quality of anatomic pathology services and adhering to the international monitoring criteria reported by the Armed Forces Institute of Pathology (College of American Pathologists 2000) [56] . An internal committee monitors the level of compliance to guarantee the efficiency and quality of the services (internal quality assessment (IQA); to compare frozen section diagnoses with the final paraffin section diagnosis (intraoperative consultation); to select rare, difficult or unusual cases to send to a consulting pathologist specialist in the areas of interest, particularly in cases in which the primary and concurring pathologists could not reach consensus; to institute monthly, reviews and discuss retrospectively the internal and external pathology consultations; and to promote regional and extraregional slide seminaries (external quality assessment (EQA) (Marucci Pathologica 1999) [21] (ADASP AJSP 1991) [27] [57] . Unfortunately in our institution as often happens, the final review of the specimen by a specialist was omitted.
Our findings again underline other major factors contributing to diagnostic errors in urogenital pathology. For example, errors seem to increase when colleagues are on annual leave or retire (College of American Pathologists 2000) [56] . In our service, in 2003, after a consultant retired, another consultant together with three primary pathologists moved to the urogenital pathology service from the immunopathology service. This change, involving staff who were new to the customary work patterns in the unit, presumably altered the safe and effective communication process, a prerequisite for error-free diagnosis and essential to avoid system failure the root cause of error (College of American Pathologists 2000) [56] . (Conroy ACP News 1996) [57] . To interpret the number of errors by organ system also requires a knowledge of the work patterns in the departments involved. Even in the presence of suboptimal communication, a terminal review of the pathology slides by a consultant pathologist with expertise in the particular field can prevent the error from reaching the patient (Nakhleh APLM 2006) [55] . Because most pathologists working in our service are general pathologists, without specific qualifications in urogenital pathology, the routine use of international guidelines (Humprey ASCP 2003) [33] (Eble IARC 2004) [34] (Murphy AFIP 2004) [35] (Fuhrmann AJSP 1982) [36] (Bostwick USP 1997) [37] is crucial to reduce oversight errors in pathological scoring or grading (Furness JCP 1997) [42] . This conclusion again underlines the need for quality assurance monitoring especially when personnel move to a subspecialty program.
A limitation of the study is a possible inherent selection bias in the cases, because the reports were initially chosen based on identifiable errors seen while reading the initial report thus possibly overestimating or underestimating the discordant errors based on general report quality.
CONCLUSION
Although our study has limitations because we reviewed histopathology reports from a single specialist anatomic pathology unit (urogenital pathology service) and the findings may not represent the wider picture in all institutions, the information we provide on diagnostic errors should be helpful in planning a modern, efficient, reliable (error-free?) histopathology service.
